Abstract. Melanoma is a rare malignancy in China and the treatment outcomes are generally satisfactory. However, postoperative recurrence can be life-threatening. The current study aimed to investigate the involvement of long intergenic non-protein coding RNA 1638 (LINC01638) long non-coding RNA (lncRNA) in the recurrence of melanoma. Expression of LINC01638 lncRNA in skin biopsies and plasma of patients with melanoma, patients with benign skin lesions and healthy controls was detected by reverse transcription-quantitative polymerase chain reaction. Diagnostic values of LINC01638 lncRNA for melanoma were analyzed by receiver operating characteristic curve analysis. The association between LINC01638 lncRNA and clinicopathological data of patients with melanoma was analyzed by χ 2 test. All patients were followed up for five years to record recurrence. LINC01638 lncRNA expression vectors and shRNAs were transfected into human melanoma cell lines and the effects of LINC01638 lncRNA overexpression and knockdown on cell proliferation were analyzed by cell counting kit-8 assay. LINC01638 lncRNA was significantly upregulated in patients with melanoma compared with the other two groups of patients, and upregulation of LINC01638 lncRNA distinguished patients with melanoma from patients with benign skin lesions and healthy controls. LINC01638 lncRNA expression was significantly associated with tumor size but not with other patient clinical data. Plasma levels of LINC01638 lncRNA were further increased during follow-up in patients with local recurrence but not in patients without recurrence. LINC01638 lncRNA overexpression promoted, while knockdown inhibited proliferation of cells of melanoma cell lines, C32 and SK-MEL-28, in vitro. The upregulation of LINC01638 lncRNA was likely associated with the local recurrence of melanoma following surgical resection.
Introduction
Melanoma is a rare type of malignant tumor in China; however, this disease still affects a considerable number of patients every year (1) . Melanoma is the most aggressive form of skin cancer and it has an increasing incidence across the world (2) . At present, there are no effective treatment strategies for melanoma in the advanced stages (3) . Although surgical resection is considered as a radical treatment for melanoma in the early stages, survival of patients following surgery is still poor due to high recurrence rate (4) . Previous studies have demonstrated that recurrent melanoma is closely associated with exposure to UV rays, smoking and lack of exercise (5, 6) . However, the molecular mechanisms underlying recurrent melanoma remain to be elucidated (5, 6) .
In addition to messenger RNAs encoding proteins, the human genome also transcribes a large set of non-coding RNAs, which serve roles in physiological processes and the development of human diseases (7) . Long non-coding RNAs (lncRNAs) are a subgroup of non-coding RNAs composed of >200 nucleotides (8) . lncRNAs are central regulators in cancer biology (9) . Long intergenic non-protein coding RNA 1638 (LINC01638) is a recently identified lncRNA which serves an oncogenic role in triple-negative breast cancer (10) . Preliminary microarray data revealed in the present study indicated that LINC01638 lncRNA is upregulated in melanoma tissues compared with healthy tissues (data not shown). The present study demonstrated the upregulation of LINC01638 lncRNA in melanoma and suggested that LINC01638 lncRNA may participate in the growth of melanoma and its local recurrence following surgical resection.
Materials and methods
Patients and specimens. The current study included 40 patients with melanoma and 23 patients with benign skin lesions diagnosed in Hunan People's Hospital (Changsa, China) between March 2011 and March 2013. The inclusion criteria were as follows: i) Patients were diagnosed with melanoma or benign skin lesions through pathological examinations; ii) patients were diagnosed for the first time and no treatment was received LINC0638 lncRNA is involved in the local recurrence of melanoma following surgical resection during the three months before the study; iii) patients were diagnosed with American Joint Committee on Cancer (AJCC) stage I-IIIA melanoma and did not have tumor metastasis; iv) patients understood the experimental protocol and were willing to participate; and v) patients complicated the whole procedure and five-year follow-up. The exclusion criteria were as follows: i) Patients with co-morbidities, including chronic inflammation; ii) patients transferred to other hospitals; and iii) patients who could not attend the follow-up or who succumbed prior to the confirmation of recurrence. There were 10 cases of stage I, 21 cases of stage II and 9 cases of stage IIIA melanoma. A total 16 healthy patients who were willing to donate skin biopsies and blood were included to serve as the control group. No significant differences in age and sex were identified between the three patient groups. Patient basic information is presented in Table I . Plasma and skin biopsy tissues were stored in liquid nitrogen prior to use. The present study was approved by the Ethics Committee of Hunan People's Hospital. Written informed consent was obtained from all patients prior to enrolment.
Treatment, blood extraction and follow-up. Blood (5 ml) was collected on the day of admission. All patients with melanoma were treated with surgical resection, followed by chemotherapy. All patients were followed up for 5 years following discharge to record recurrence. Blood was collected again in cases of recurrence and at the end of follow-up period in cases of no recurrence. Plasma was prepared by centrifuging blood at 1,250 x g for 15 min in EDTA tubes at room temperature.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Following RNA extraction from plasma, biopsies and in vitro cultivated cells using TRIzol ® reagent (Invitrogen; Thermo Fisher Scienfitic, Inc., Waltham, MA, USA), a NanoDrop™ 2000 Spectrophotometer (Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA) was used to measure RNA concentration. To enrich RNA concentration, RNA samples were mixed with alcohol and glycogen (1:1,000; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Following incubation at -80˚C for 30 min, the mixture was centrifuged at 4˚C for 30 min at 12,000 x g. RNA samples with an A260/A280 ratio of 1.8-2.0 were subjected to reverse transcription using SuperScript IV Reverse Transcriptase (Thermo Fisher Scientific, Inc.) to synthesize cDNA at 55˚C for 30 min and 75˚C for 10 min. All PCR reactions were prepared using SYBR ® Green Real-Time PCR Master Mixes (Thermo Fisher Scientific, Inc.) and the following primers: 5'-AAT ACA TCA GCA CTG TTG CCT TT-3' (forward) 5'-CTC CAT ACA TAC ATC TCC AAA AAG T-3' (reverse) for LINC01638 lncRNA; 5'-GAC CTC TAT GCC AAC ACA GT-3' (forward) and 5'-AGT ACT TGC GCT CAG GAG GA-3' (reverse) for β-actin. The following thermocycling conditions were used for the PCR: 95˚C for 1 min; 40 cycles of 95˚C for 12 sec and 58.5˚C for 40 sec. Data normalization was performed using the 2 -ΔΔCq method (11) with β-actin as the internal reference gene. PCR products were sequenced to ensure the correct products were obtained.
Cell lines and cell culture.
A normal human skin cell line CCD-1059Sk and two human melanoma cell lines C32 and SK-MEL-28 were obtained from the American Type Culture Collection (ATCC; Manassas, VA, USA). The cells were cultured with Eagle's Minimum Essential Medium with 10% fetal bovine serum (Sangon Biotech Co., Ltd., Shanghai, China) at 37˚C with 5% CO 2 . Vectors containing full length LINC01638 lncRNA, short hairpin RNA (shRNA) (5'-GGC CCT CCT GCT GAT GAG AGA C-3') and negative control shRNA (5'UUC UCC GAA CGU GUC ACG UGG C-3) were purchased from GeneCopoeia Inc. (Rockville, MD, USA). LINC01638 expression vector (15 nM) and shRNAs (20 nM) were transfected into cells using Lipofectamine ® 3000 according to the manufactuer's protocol (Thermo Fisher Scientific, Inc.). Transfection with empty vectors or negative control shRNA was used as negative control. Untransfected cells were used as control cells. LINC01638 lncRNA expression was detected by RT-qPCR 12 h following transfection.
Cell proliferation assay. Following transfection (24 h later), a cell proliferation assay was performed to determine the proliferation in cells with an LINC01638 overexpression rate >200% or knockdown rate <50%. The cell counting kit-8 (CCK-8; Sigma-Aldrich; Merck KGaA) was used to detect cell proliferation. Briefly, cells were harvested, and cell suspensions were prepared with a density of 4x10 4 cells/ml. Each well of a 96-well plate was filled with 0.1 ml cell suspension. Cells were cultured at 37˚C in a 5% CO 2 incubator, followed by addition of 10 µl CCK-8 solution after 24, 48, 72 and 96 h. Cells were cultured for additional 4 h and optical density values were measured using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at a wavelength of 450 nm.
Statistical analysis. GraphPad Prism software (version 6; GraphPad Software Inc., La Jolla, CA, USA) was used for all statistical analyses. Data are presented as the mean ± standard deviation. Comparisons between two groups were performed by unpaired t-test. Comparisons between two time points within the same group were performed by paired t-test. Comparisons among multiple groups were performed by one way analysis of variance followed by a Tukey test. Associations between LINC01638 lncRNA and clinicopathological data of patients with melanoma were analyzed by the χ 2 test. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic value of LINC01638 for melanoma. P<0.05 was considered to indicate a statistically significant difference.
Results
LINC01638 lncRNA is significantly upregulated in patients with melanoma. Expression of LINC01638 lncRNA in skin biopsies and plasma samples of patients with melanoma, patients with benign skin lesions and healthy controls was quantified using RT-qPCR. Expression of LINC01638 lncRNA in skin biopsies was significantly upregulated in patients with melanoma compared with the other two patient groups (P<0.05; Fig. 1A ). In addition, plasma levels of LINC01638 lncRNA were significantly increased in patients with melanoma compared with the other two patient groups (P<0.05; Fig. 1B) . By contrast, there were no significant differences in expression of LINC01638 lncRNA in skin biopsies (Fig. 1A) and plasma (Fig. 1B) between patients with benign skin lesions and healthy controls. Slightly increased LINC01638 lncRNA expression in both biopsies and plasma was observed with increasing clinical and tumor stages (no statistical significance; data not shown).
Upregulation of LINC01638 lncRNA distinguishes patients with melanoma from the other patient groups. Diagnostic values of LINC01638 lncRNA for melanoma were analyzed by receiver operating characteristic curve analysis. For LINC01638 lncRNA expression in skin biopsies compared Table I . Basic information of the three groups of patients. LINC01638 lncRNA expression is significantly associated with tumor size. Patients were divided into high and low expression groups according to the median expression level of LINC01638 lncRNA. The association between LINC01638 lncRNA and clinicopathological data of patients with melanoma was analyzed using χ 2 test. Results revealed that LINC01638 lncRNA expression in skin biopsies (Table II) and plasma (Table III) was significantly associated with tumor size but not age, sex or patients' smoking and drinking habits.
LINC01638 lncRNA expression is further upregulated in patients with local recurrence but not in patients without recurrence during follow-up.
During the five year follow-up, local recurrence (cancer grows in the same region it first started) was observed in 17 cases and no distant recurrence was observed. Compared with pre-treatment levels, LINC01638 lncRNA expression was further upregulated in patients with local recurrence (P<0.05; Fig. 3A ), but not in patients without recurrence (Fig. 3B) . Hazard ratios of tumor stages and LINC01638 lncRNA levels for local recurrence were 1.78 (mean, range, 1.07-2.91) and 2.20 (mean, range, 1.11-4.30), respectively.
LINC01638 lncRNA overexpression promotes, while knockdown inhibits cancer cell proliferation. The significant association between LINC01638 lncRNA overexpression and tumor size suggested the involvement of LINC01638 lncRNA in the growth of melanoma. In order to test this further, LINC01638 lncRNA expression vectors and shRNAs were transfected into cancer cells and cell proliferation was analyzed using the CCK-8 assay. Following transfection, LINC01638 lncRNA overexpression (Fig. 4A) and knockdown  (Fig. 4B) were achieved in two human melanoma cell lines C32 and SK-MEL-28 and a normal skin cell line CCD-1059Sk Figure 2 . Upregulation of LINC01638 lncRNA distinguishes patients with melanoma from other the other two patient groups. Receiver operating characteristic curve analysis of the diagnostic value of LINC01638 lncRNA expression in skin biopsies for patients with melanoma compared with (A) healthy controls and (B) patients with benign skin lesions as references, and the diagnostic value of LINC01638 lncRNA expression in plasma for patients with melanoma compared with (C) healthy controls and (D) patients with benign skin lesions as references. LINC01638, long intergenic non-protein coding RNA 1638; lncRNA, long non-coding RNA. (P<0.05). Compared with control cells and negative control cells, LINC01638 lncRNA overexpression significantly promoted (Fig. 5A) , while LINC01638 lncRNA knockdown significantly inhibited (Fig. 5B) cell proliferation of the two human melanoma cell lines C32 and SK-MEL-28 (P<0.05), but not cells of the normal skin cell line CCD-1059Sk. 
Discussion
The function of LINC01638 lncRNA has only been characterized in triple-negative breast cancer, while its involvement in other diseases is unknown (10) . The results obtained in the current study suggested that LINC01638 lncRNA is upregulated in melanoma and may participate in the growth of melanoma as well as its local recurrence following surgical resection.
In spite of efforts to treat patients with melanoma at advanced stages, the survival rates of patients with metastatic melanoma are poor (12, 13) . At present, early diagnosis followed by proper treatment remain key for increasing the survival rate of patients with melanoma (14) . LINC01638 lncRNA has been reported to be upregulated in triple-negative cancer tissues compared with adjacent healthy tissues (10) . In the present study, the involvement of LINC01638 lncRNA in the early stages of melanoma was studied in patients with melanoma at AJCC stage I-IIIA. Compared with healthy controls, upregulation of LINC01638 lncRNA in biopsies and plasma was observed in patients with melanoma but not in patients with benign skin cancer. Overexpression of LINC01638 lncRNA in biopsies and plasma effectively distinguished patients with melanoma from patients with benign skin cancer and healthy controls. In addition, expression of LINC01638 lncRNA was not affected by age, sex and smoking and drinking habits, which are factors that affect the expression of certain lncRNAs (15, 16) . This indicated that the overexpression of LINC01638 lncRNA may be consistent across patients with melanoma with different backgrounds. Therefore, detecting the expression of LINC01638 lncRNA may aid in the early diagnosis of melanoma.
In the current study, the expression of LINC01638 lncRNA was quantified in skin biopsies of patients with melanoma, patients with benign skin lesion and healthy controls. Skin biopsy is an invasive technique with low patient acceptability, and therefore, a small number of samples was included in the current study. The development of human diseases may be accompanied by changes of blood substances, and the detection of these changes may provide guidance for the treatment of melanoma (17, 18) . Circulating lncRNAs, including Pvt1 oncogene (19) and maternally expressed 3 (20) have demonstrated diagnostic value for melanoma. In the current study, the diagnostic value of plasma LINC01638 lncNRA was comparable to that of LINC01638 lncNRA expression in skin biopsies. Therefore, the detection of plasma LINC01638 lncNRA may allow the diagnosis of melanoma in cases where skin biopsy is not applicable.
Accurate prediction of tumor recurrence is required for the prevention and treatment of melanoma (21, 22) . In the present study, patients with local recurrence exhibited significantly increased plasma level of LINC01638 lncNRA during follow-up compared with patients with no recurrence, indicating that LINC01638 lncNRA overexpression may participate in the local recurrence of melanoma. Although the results obtained in the current study suggest that LINC01638 lncNRA enhances the proliferation of melanoma cells in vitro, which may promote local recurrence, the molecular mechanism underlying recurrence remains unknown. Future studies are required to elucidate the molecular mechanisms by which LINC01638 lncNRA results in the recurrence of melanoma. In the current study, LINC01638 lncRNA overexpression promoted melanoma cell proliferation, but failed to significantly affect cell migration and invasion. Therefore, LINC01638 lncRNA may specifically participate in the growth of melanoma.
In conclusion, LINC01638 lncRNA is overexpressed in patients with melanoma. Upregulation of LINC01638 lncRNA is likely to be associated with the local recurrence of melanoma following surgical resection.
